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Abstract In this review we shall consider the commonest techniques to reduce dyspnea that are being applied to
patients with chronic obstructive pulmonary disease (COPD) subjected to a pulmonary rehabilitation program (PRP).
Pursed lip breathing (PLB) and diaphragmatic breathing (DB) are breathing retraining strategies employed by COPD
patientsinorder torelieve andcontroldyspnea.However, the effectiveness of PLBinreducingdyspnoea is controversial.
Moreover,DBmaybe associatedwith asynchronous andparadoxicalbreathingmovements, reflectinga decrease inthe
efficiencyof the diaphragm.Exercise training (EXT) is amandatorycomponentof PRP.EXThas been shownto improve
exercise performances and peripheralmuscle strength.Recent studies have focused onthe effectof EXTonbreathless-
ness.However, concernspersist as towhether the decreased sensation ofdyspnea for a given exercise stimulusis princi-
pallydue to psychologicalbenefits of rehabilitation or to improvedphysiological ability to performexercise.The effectof
EXTon breathlessnessmay be reinforced by inhaling oxygen.However, two studies have recently shown that breathing
supplemental oxygen during training has either amarginal effector no advantage over training.In a comprehensive PRP,
strengthtraining (ST) and armendurancetraining (AET) couldhave a roleindecreasingperipheralmuscleweakness and
metabolic and ventilatory requirements for AET.The role of unloading the respiratory muscles during EXT has to be
clarified.r2002 Elsevier Science Ltd.Allrights reserved.
Available online athttp://www.sciencedirect.com
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One of the two major goals in the management of
chronic obstructive pulmonary disease (COPD) is to de-
crease respiratory symptoms and improve the quality of
life (QoL). As a result of pulmonary rehabilitation pro-
grams (PRP), improvements have been demonstrated in
objective measures of QoL (1), well-being (2) and health
status, including reduction of respiratory symptoms, in-
crease in exercise tolerance and functional activities such
as walking, enhanced ability of performing activities of
daily living and improvedpsychological function (3,4).
Referral to a comprehensive pulmonary rehabilitation
program is indicated in COPD patients who have been
placed on optimalmedical therapy andwho: (1) continueReceived 24 April 2002, accepted in revised form 8 August 2002
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lessness; (2) have had several emergency ward or hospi-
tal admissions per year; (3) exhibit limited functional
status and restricted activities of daily living and (4) ex-
perience impairment in QoL (3,4).
PRPs are usually employed on an outpatient basis and
comprehensive programs vary in their frequency and
duration, with the optimal frequency and length remain-
ing a matter of debate.
In this review, we shall consider the most common
techniques to reduce dyspnea that are being applied to
patients with COPD.
BREATHINGRETRAINING (BR) AND
BODYPOSTURE
The goal of BR is to help the patient to relieve and con-
trol breathlessness and counteract abnormalities such as
dynamic hyperin£ation associatedwith COPD.
198 RESPIRATORYMEDICINEReview of clinical studies evaluating the e¡ects of BR in-
dicate that improvement in clinical symptoms is a more
consistent ¢nding than anymeasurable impactonphysio-
logical parameters (3,4).
Pursed lip breathing (PLB)
PLB is a breathing retraining strategy often sponta-
neously and voluntarily employed by COPD patients in
order to relieve and control dyspnea during exercise or
daily activities or during periods of increased ventilatory
demand (5,6). PLB improves gas exchange (5^8), de-
creases respiratory rate, increases tidal volume (5,7,9,10)
and increases the activity of inspiratory and expiratory
muscles that take over the activityof breathing (5). In cir-
cumstances of hyperin£ation, an increased motor com-
mand to, and a reduced muscle strength of, the
diaphragm are likely explanations for dyspnea (11). A de-
£ationary activity on chestwall of PLB shouldpotentially
reduce breathlessness. However, the e¡ectiveness of
PLB in reducing dyspnea in COPD is controversial, with
some studies demonstrating either decrease (5,8,12), no
changes (13) or increase in breathlessness at rest (10)
and during exercise (14).The fact that PLB does not pro-
mote any reduction in pulmonary volume and whether
the self-imposed rhythmic respiration with PLB a¡ects
chest wall (CW) motion and compartmental coordi-
nated activity have as yet to be demonstrated. By apply-
ing a 3-D optoelectronic plethysmograph (OEP), Nerini
et al. (15) have recently shown a marked decrease in end
expiratory lung volume (EELV), localized at abdominal
level, a pattern never shown before.They have also con-
¢rmed previous data by Breslin (6) showing increase in
expiratorymuscle activity, andhave extended thosedata
in that abdominalmuscle activity is greater than that de-
rived from the mere measures of changes in end expira-
tory gastric pressure (Pgae).
Anecdotal evidence of impaired breathlessness with
PLB hasbeenreportedinCOPDpatients (5,14).We spec-
ulate that thismay in part be due to increased activity of
therespiratorymuscles aimedat avoidingovertaxing the
diaphragm.
Leaning forward (LF)
Although this is not a part of PRP, itmay help patients to
relieve breathlessness. Standing position increases EMG
of the diaphragm (Edi), lowers trans-diaphragmatic pres-
sure (Pdi) and increases Edi/Pdi ratio. At variance, LF de-
creases EMG activity of many respiratory muscles (16),
including the diaphragm, and improves Edi/Pdi ratio (17).
The reason for the association of LF with decrease in
breathlessness lies in the common belief that breath-
lessness is linked to the increase in the central
motor command to the respiratory muscles (18).Decrease in respiratory muscle activation lowers
breathlessness.
Diaphragmatic breathing (DB)
The costal and crural parts of themuscle are electrically
arranged partially in series and partially in parallel (19).
Withhyperin£ation, costal and cruralparts are arranged
in parallel, a condition where: (1) the zone of apposition
decreases; (2) the abdominal pressure (Pab) no longer ex-
pands the rib cage (RC); (3) the system produces less
pressure; (4) the diaphragm expands the abdomen but
has a de£ationary action on the RC. Thus, in patients
with COPD DB may be associated with asynchronous
and paradoxical breathing movements (20,21). A recent
study by Gosselink et al. (22) showed that, compared to
quiet breathing, with DB inspiratory abdominal volume
(Vab) increases while the volume of rib cage (Vrc) de-
creases.This is a paradoxicalbreathingre£ecting the lim-
itation of DB which decreases the e⁄ciency of the
diaphragm.In the same study, dyspnea tended to increase
with DB.Recently similar results have been produced by
Vitacca etal. (23) in hypercapnic patientswithCOPD.It is
possible that patients with limited hyperin£ation may
bene¢t from DB while severely hyperin£ated patients
are incapable of performing DB (24).
Association of breathingretrainingwithbodyposition
is being commonly performedby patients to reduce dys-
pnea (3,4).
EXERCISE TRAINING (EXT)
EXT is a mandatory component of PRP. Patients with
COPD should regularly perform aerobic lower extre-
mity endurance exercises to enhance performance of
daily activities and reduce dyspnea (3,4).
General exercise training
Patients experience increased capacity and endurance
for exercise and physical activity after EXTeven though
lung function may remain unchanged (25^28). Recent
studieshave shown anearlyonsetof lactic acidosis during
exercise at high exercise levels in COPD patients (29^
32). Improvements in maximal and submaximal exercise
responses obtained after EXT at high exercise levels
(30,32,33) indicate improved aerobic metabolism
(30,32,33).The study by Casaburi et al. (30) showing the
e¡ects of sustained level of exercise on the delay in anae-
robic threshold in COPD patientswithmoderate airway
obstruction indicates that a physiological training re-
sponse had occurred. Maltais et al. (32) have indicated a
bene¢cial e¡ect on skeletalmuscle level as shown by the
increase in lactate threshold, citrate synthase (CS) and
3-hydroxy-acylCoAdehydrogenase (HADH). Reduction
VCO2
VE
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FIG. 1. Mechanismwherebyexercise trainingprograms (EXT)
improve exercise tolerance in patients with COPD.EXTacts by
increasingmuscle strengthwithminimaldecrease orunchanged
CO2 output (VCO2 ). Increase in muscle strength decreases dy-
namic hyperin£ation (DH) thereby increasing tidal volume (VT)
and decreasing dead space (VD) toVTratio (VD/VT).Decrease in
respiratory rate (RR) with the unchanged VCO2 lower minute
ventilation (VE).
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ity of CS and HADH.However, improvement in exercise
capacity and oxidative enzyme activity of the peripheral
muscles did not signi¢cantly relate to each other (32).
Cycloergometer training at 60^80% maximal work
load has been shown to improvemaximal work load and
endurance time (30,32). Maltais et al. (33) have shown
that the ability of patients to increase the training inten-
sity (%Wmax) progressively increased over 6 weeks of
training period and then plateaued at 60^65% of maxi-
mum work load (WLmax). Training duration also in-
creased from 15 to 27min. Importantly, WL(%WLmax)
was independent of maximum O2 uptake (VO2 max) (%
predicted), age and baseline forced expiratory volume
in1s (FEV1).These results are consistentwith and extend
those of previous studies indicating thatpatientswith se-
vere COPD can improve their exercise tolerance after
endurance training (29,30,34,35).
It should be noted that the feasibility of near-maximal
high-intensity program lies upon the criteria used to de-
¢nehigh intensity; theprotocolusedduring the incremen-
tal exercise test can in£uence the WLmax achieved. The
work rate for a given VO2 should be greater when using
larger work rate increments than when using smaller in-
crease in work rate (36).This may be more important in
COPDpatientswith low VO2 kinetics during exercise (37).
In general, training strategies include walking, tread-
mill or cycling exercise, 3^5 weekly exercise sessions,
for 6^12 weeks (30,32,38^43). However, there is as yet
no consensus on the optimal training intensity prescrip-
tion for patientswith COPD (44). Although higher inten-
sity training (60^80% of pre-training exercise capacity)
seems to be of advantage (30), the e¡ectiveness is likely
to be related to the total amount of training performed
(the product of training and duration). Furthermore,
high-intensity training is associated with greater cardio-
vascular risk and orthopedic injury while possibly also
decreasing compliance with the treatment program
(45). In hypoxemic and hypercapnic COPD, the imposed
load for 20^30min is hardly tolerated. Interval training
(2^3min intensity 60^80% [WLmax]) has shown to elicit
similar results as endurance training (46).
EXT has been shown to improve exercise perfor-
mances and peripheral muscle strength (47,48). Bene¢-
cial e¡ects have been obtained with treadmill walking
exercise (38,43) and combinedwalking and cycling (42).
Casaburi et al. (41) have focused on the mechanism
whereby EXT improves exercise tolerance in COPD
(Fig. 1). On the other hand recent studies have focused
on the e¡ect of EXTon breathlessness.The disparity be-
tween the respiratorymotor output and themechanical
response of the system is thought to play a major role in
the increaseperception of exercise dyspnea inCOPDpa-
tients (49,50). Con£icting results, however, indicate the
lackof relationship between dyspnea and anymechanical
variable in exercising COPD (51). Therefore, concernspersist as to whether the decreased sensation of dys-
pnea for a given exercise stimulus is principally due to
psychological bene¢ts of rehabilitation or to improved
physiological ability to perform exercise. The reduction
of exercise dyspnea after EXT has been partially ex-
plained by reduced ventilatory requirement (VR) (41).
However, in a lack of any improvement in operational
lung volume, the arguments for reducedmechanical im-
pedance as an explanation for the reduced VR remain
speculative (41,52). On the other hand, it has been sug-
gested that factors such as increased symptom tolerance
are also likely to play an important role on the reduced
exercise dyspnea post-EXT (42,53,54). In the study by
O’Donnell et al. (42) EXT improved breathlessness, but
for a given minute ventilation (VE) there was a greater
improvement than that predicted indicating also that an
increased symptom tolerance to sensory perturbations
induces dyspnea.
More recently, O’Donnell et al. (47) have shown that
general EXT improves strength and endurance of the
peripheral leg muscles, decreases Borg and log e¡ort
(LE) but strength and endurance do not relate to either
Borg or LE. So increased tolerance to stimuli or altered
perceptual response to evoked sensation may also con-
tribute to score symptom alleviation. Nonetheless, evi-
dence of increased symptom tolerance associated with
EXTshouldbe provided after close evaluation of theme-
chanical factors involved in the coupling between re-
spiratory motor output andmechanical response of the
respiratory system (55).
Oxygen administration
The e¡ect of EXTon breathlessness may be reinforced
by inhaling oxygen. Administration of 30^60% oxygen
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(56^60). Casaburi et al. (30) have shown that decrease
inVEwas associatedwithdecrease in lactate production.
Inhaling 60%oxygenreducedlactateproduction andven-
tilation in COPD (60). As a consequence of the improved
aerobic metabolism, breathlessness decreases at iso-
work load (58).Decrease inVE is the reason for decrease
in breathlessness, particularly in patients with more se-
vere degree of obstruction and hypoxemia (60). Former
studies by Criner and Celli (61) with 30% oxygen
administration had shown a change in the strategy of
respiratorymuscle recruitmentwhereby increase in dia-
phragmatic performance avoids overtaxing RC and ac-
cessory muscles and decreases breathlessness.
Nevertheless, the e¡ect of oxygen on breathlessness
may occur independently from ventilatory changes indi-
cating the role of central mechanism(s) on the percep-
tion of breathlessness (62). Two recent studies (63,64)
haverecently shown thatbreathing supplemental oxygen
during training has either a marginal e¡ect or no advan-
tage over training while breathing room-air.Despite the
evidence of short-term bene¢cial e¡ects, there are no
studies on long-terme¡ects of oxygen on factors limiting
e¡ort tolerance and breathlessness in patients with
COPD.
TRAININGTOSTRENGTHAND
ENDURANCEOF THEINSPIRATORY
MUSCLES
Inspiratory muscle training (IMT) in addition to exercise
training has been shown to improve exercise capacity
more than exercise training alone (65^67). IMTasmono-
therapy was found to decrease dyspnea (67^69).
Strength trainingmaybe obtainedbymaximum static in-
spiratory (MIP) and expiratory e¡ort over vital capacity
every 3^5min for periods of 20^30min a day. Alterna-
tively, strength can be also increased by loading protocol
involving inspiratory e¡ort against £ow resistive or
threshold loads to generate target levels of peak inspira-
torymouth pressure433% MIP for 30^60min daily for
5^7 days a week (69,70).The lack of improvement in MIP
noted in some trialsmaybe because of insu⁄cient train-
ing intensity (71). Indeed, a recent meta-analysis has
shown that overall exercise endurance improved in stu-
dies of ventilatory muscle training in which the training
stimulus led to an increase in MIP but did not improve in
the studies without improvements in respiratorymuscle
strength following training (72).
Endurance and the sense of respiratory e¡ort depend
on pressure, inspiratory £ow, inspiratory time (Ti), and
the ratio of Ti to the total time of the respiratory cycle
(Ttot), and Rf (73). It seems probable that subjectsbreath-
ing spontaneously on a given resistance may vary their
inspiratory £owrate decreasing the sense of respiratorye¡ort by reducing peak inspiratory pressure (Pi), or the
pressure time index (PTi), i.e., the area under the pres-
sure ^time curve of the inspiratory muscles. In this way,
peak intra-thoracic pressure and PTimaybe similar with
andwithout resistance. In other words, resistive breath-
ing has the disadvantage that inspiratory pressure is
£ow-dependent. For training to have consistent e¡ects
on endurance, patients have to be coached to breathe
with longerTi and lower peak pressure such that PTi is
greater than during spontaneous breathing (74). In that
study, while peak mouth pressure was higher during
spontaneous breathing, PTi was appreciably greater dur-
ing coached breathing. After a training period of 10
weeksmaintaining PTi at 25%,Pi/Pi max at 50% and Ti/Ttot
at 50%, Criner et al. (75) found an increase in trans-dia-
phragmatic (Pdi) twitch of about 40%.Breathing on resis-
tance loads at high respiratory rate increases strength
and endurance in a small number of COPD patients.
Unlike resistive breathing, isocapnic hyperventilation
(70^90% maximum voluntary ventilation (MVV)) for
periods of15-min a day 6 times per week (76,77) is asso-
ciated with lower levels of pressure but greater inspira-
tory £ow and probably a greater extent of muscle
shortening. Thus, isocapnic hyperventilation increases
velocity of shortening at low level of pressure or tension
(78). Like isocapnic hyperventilation, threshold load (TL)
is independent of £ow rate. Also, TL enhances the velo-
city of inspiratory muscle contraction, shortening in-
spiratory time and increasing time for exhalation and
relaxation.However, at high loads decrease inTi for a gi-
ven Pdi Pdi max reducesTi/Ttot thereby reducing Pdi, which
may be the most important training variable. Despite
improvement in respiratory muscle strength and endur-
ance (79,80), with relief in breathlessness in some pa-
tients (67^69), IMT may not result in enhanced exercise
performance (79).
TRAININGOFPERIPHERALMUSCLES
Strength training (ST)
ST is obtained by additional weights to lower and upper
limb movement. The importance of peripheral skeletal
muscle dysfunction in the impairment of exercise capa-
city and LE in patientswithCOPDwas suggestedbyKill-
ian and colleagues (81,82). Training of peripheral muscle
strength has been shown to improve maximal muscle
strength, exercise endurance capacity and QoL but not
maximal exercise capacity (83,84). In healthy subjects,
strength training may (85) or may not (86) enhance the
e¡ect of endurance training. In patients with COPD, the
addition of strength training to endurance training has
no additional e¡ect on exercise performance and QoL
(87). However, in patients with muscle weakness the
combination of strength with endurance appears to
TABLE 1. Summaryof scienti¢c evidence grades for the described techniques
Programcontents Recommendations Grade
Lowerextremity training Lowerextremity training improves exercise tolerance
and is recommended as a partof pulmonaryrehabilitation
A
Upperextremity training Strength and endurance training improves armfunction;
armexercises should be included inpulmonaryrehabilitation
B
Ventilatorymuscle training Is not an essential componentof pulmonaryrehabilitation B
Oxygen administration Doesnotenhance rehabilitation outcomes D
Breathingretraining No advantages. D
Respiratorymuscle rest Can enhance skeletalmuscle training C
Modi¢ed fromrefs. (70,102).
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mance and QoL (48).
Endurance armexercise training (AET)
AET involves a larger muscle mass working atmoderate
intensity for a longer period of time. For equal work
rates, ventilation and oxygen consumption are generally
higher for arm than for leg exercise (88,89).This is prob-
ablydue to a lowermechanic e⁄ciencyof the armmuscle
because more static work is needed to stabilize trunk
and shoulder. It likely follows an earlier onset of anaero-
bic metabolism for the arms than for the legs.The e¡ect
of unsupported armexercise (UAET) onrespiratory sys-
tem increases by increasing arm loading (90). In severely
obstructedpatients, AET is associatedwith dyssynchro-
nous breathing and is terminated because of severe dys-
pnea, this not being observed with the same patients
performingmore intense leg (cycle) exercise,with ahigh-
er VO2, heart rate and exercise duration (91).The reason
for dyssynchronous breathing with AETwas thought to
be due to a decreased contribution of RC and accessory
muscles to ventilation overtaxing the diaphragm and
leading to its earlier fatigue. Several lines of evidence in-
dicate that unsupported AET increases VO2 ,CO2 output
(VCO2 ), end inspiratory gastric pressure (Pgai) and both
end expiratory pleural (Pese) and gastric (Pgae) pressures
in patients with CAO (92). Compared to UAET, sup-
ported AET (SAET) decreases Pgai and Pesi pressures
and Pgae in most of the COPD patients again indicating
that a greater part of VE during UAET is shifted from
RC inspiratory muscles to both the diaphragm and the
expiratorymuscles.
Comprehensive pulmonary rehabilitation including
arm exercise decreases metabolic and ventilatory re-
quirement for AET (93). The reduction of VO2 during
arm activity which results from such training might be
expected to improve dyspnea (1).Upper extremity (UE)
training program improves speci¢c UE performances
(38,93^95) but not activities simulating daily living
(38,94) or walking test (95).UNLOADINGTHERESPIRATORY
MUSCLES
Maltais et al. (96) showed that 11cmH2O of inspiratory
pressure support reduces both inspiratory e¡ort and
dyspnea in severe CAO patients performing constant
work loadbicycle exercise. In particular, the inverse rela-
tionship between improvement in dyspnea and decrease
in pressure ^time integral of both inspiratory muscles
and the diaphragm, i.e., decrease in inspiratory e¡ort
was evident. Furthermore, there was no further change
in EELVwith addition of PS comparedwith control exer-
cise.The authorsmaintained that, unlike continuous po-
sitive airway pressure (CPAP), the e⁄cacy of inspiratory
support do not necessarily depend on either the prevail-
ing level of intrinsic positive end expiratory pressure
(PEEPi) or the presence of expiratory FL.
O’Donnell et al. (97) were able to show that CPAP de-
creased dyspnea in exercising patients with CAO. They
postulated that unloading the respiratory muscles re-
sulted in a decreased central respiratory output and
thereby a decreased inspiratory e¡ort, in as much as, in
exercising patients trans-pulmonary pressure promotes
airway compression thus contributing to dyspnea. The
application of 4 cmH2Opositive end expiratory pressure
(PEEP) contributed to dyspnea relief by attenuating dy-
namic compression (97). In two recent papers, Harms et
al. (98,99) have shown that unloading the respiratory
muscles with proportional assist ventilation during
strenuous exercise in cyclists reduces oxygen uptake
and the perception of both breathlessness and leg dis-
comfort, indicating that work of breathing signi¢cantly
in£uences exercise performance. The e¡ect of the nor-
mal respiratory muscle load on exercise performance in
trained cyclists may be due to the associated reduction
in leg blood £ow which increases both leg fatigue
and the intensity with which leg e¡ort and respiratory
muscle e¡ort are perceived. This also explains the di⁄-
culty of discriminating between the two sensations.The
link between respiratory work and exercise perfor-
mance is likely to be due to avasoconstrictor e¡ect from
the diaphragm to the limb muscle vasculature. This
202 RESPIRATORYMEDICINEoccurs during heavy exercise with sustained work of
breathing and cardiac output limited in its ability to dis-
tribute £ow adequately to both respiratory and locomo-
tor muscles. The same may happen in conditions of
moderate exercise when cardiac output is abnormally
low, likely to occur in exercising patients with severe
COPD.Recently,Garrod et al. (100) have shown that the
addition of non-invasive pressure positive ventilation
(NPPV) to an exercise training program in severe COPD
results in a signi¢cant improvement inmean shuttlewalk
test. At variance, Bianchi et al. (101) have recently shown
that proportional assist ventilation during training ses-
sions included in a multidisciplinary PRP is notwell toler-
ated by all patients and gave no additional physiological
bene¢t in comparison with exercise training alone
(Table1).
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